The Pointed (PNT) domain and an adjacent mitogen-activated protein (MAP) kinase phosphorylation site are defined by sequence conservation among a subset of ets transcription factors and are implicated in two regulatory strategies, protein interactions and posttranslational modifications, respectively. By using NMR, we have determined the structure of a 110-residue fragment of murine Ets-1 that includes the PNT domain and MAP kinase site. The Ets-1 PNT domain forms a monomeric five-helix bundle. The architecture is distinct from that of any known DNA-or proteinbinding module, including the helix-loop-helix fold proposed for the PNT domain of the ets protein TEL. The MAP kinase site is in a highly f lexible region of both the unphosphorylated and phosphorylated forms of the Ets-1 fragment. Phosphorylation alters neither the structure nor monomeric state of the PNT domain. These results suggest that the Ets-1 PNT domain functions in heterotypic protein interactions and support the possibility that target recognition is coupled to structuring of the MAP kinase site.
Transcription factor families are defined by highly conserved DNA-binding domains that display similar DNA recognition properties. The means by which individual family members control different genes therefore must be determined by regulatory mechanisms that enhance the specificity of DNA binding. In the ets gene family, which includes at least 18 members in the human genome, partnerships with additional transcription factors, as well as posttranslational modifications, help dictate specificity for distinct targets (1) . These regulatory mechanisms converge on a highly conserved Ϸ80-aa region termed the Pointed (PNT) domain (2) .
The PNT domain occurs in approximately one-third of the ets proteins, including Ets-1, Ets-2, GABP␣, and TEL from vertebrates, and PNT-P2 and Yan from Drosophila (Fig. 1 ). This domain is proposed to mediate protein-protein interactions and to be regulated by ras-dependent signaling because of the presence of an adjacent mitogen-activated protein (MAP) kinase phosphorylation site (1) . In particular, the PNT domain is implicated in the self-association of chimeric oncoproteins, identified in human leukemias, that result from chromosomal translocations of the gene encoding the ets protein TEL with segments of genes encoding several tyrosine kinases or the acute myeloid leukemia (AML)-1B transcription factor (3) (4) (5) (6) (7) (8) (9) .
To date sequence conservation has defined the PNT domain, yet it has not been established that this region is a structural module that acts in a biological context. To create a framework for understanding the role of the PNT domain in the regulation of a variety of ets proteins and in the oncogenic potential of TEL fusion proteins, we have characterized structurally a fragment of Ets-1 that includes this domain and the adjacent MAP kinase phosphorylation site.
MATERIALS AND METHODS
Protein Samples. DNA sequences encoding Ets-1 , Ets-1 (29 -138) , and Ets-1 were PCR-amplified from the full-length murine ets-1 cDNA and cloned into the pET28 (Ets-1 ) or pET22b expression vectors (Invitrogen). The single substitutions of Leu-36 to Pro (L36P) or Thr-38 to Ala (T38A) were introduced into Ets-1 (29 -138) by PCR-based sitedirected mutagenesis. Unlabeled and labeled Ets-1 (29 -138) and Ets-1 (51-138) were prepared from Escherichia coli BL21(DE3) grown in L-broth or minimal media, respectively, and purified by anion exchange (Mono Q; Pharmacia). Both proteins eluted with Ϸ200 mM NaCl in 50 mM Tris, pH 8.5. Ets-1 (29 -138) also was purified by reversed-phase chromatography using a Vydac C-18 column. Ets-1 was isolated by metal-chelation chromatography, followed by cleavage with thrombin to remove the N-terminal His 6 tag. Ets-1 fragments were concentrated by lyophilization or with a micro-concentration device. Samples of Ϸ1.2 mM Ets-1 (29 -138) were prepared for NMR analysis by dialyzing the resuspended lyophilized protein against 2 mM NH 4 HCO 3 and 5 mM DTT (pH 8.0), followed by 10 mM KCl, 10 mM KH 2 PO 4 , and 10 mM DTT (pH 6.5). D 2 O (10%) was added for a deuterium lock.
A 0.8 mM sample of uniformly 15 N-labeled L36P Ets-1 was phosphorylated by incubating 5 mg of protein with 2.5 g of sea star p44 MAP kinase (Upstate Biotechnology, Lake Placid, NY) and 10 mM ATP in buffer (12 mM Tris͞12 mM ␤-glycerol phosphate͞8 mM MgCl 2 ͞0.5 mM sodium vanadate͞2 mM DTT, pH 7.2) at 16°C for Ϸ2 days (10) . The reaction was monitored by electrospray ionization mass spectroscopy and, upon completion, the 31 P, 15 N-labeled fragment was repurified by reversed-phase HPLC.
Protein Characterization. Sedimentation equilibrium analysis of Ets-1 (29 -138) was performed by using a Beckman Model E ultracentrifuge operating at 22,000 rpm. The sample was 0.17 mM in 100 mM KCl, 25 mM KH 2 PO 4 , 10 mM DTT at pH 6.5 and 20°C. Size exclusion chromatography was carried out by using a HiLoad 16͞60 Superdex 75 prep grade column (Pharmacia) with samples in 20 mM citrate, 150 mM KCl, and 10 mM DTT at pH 6.0 and 4°C. Protein stability was measured by using a Jasco (Easton, MD) J-720 spectropolarimeter to monitor the CD signal at 222 nm as a function of temperature. Samples were Ϸ20 M protein (5 mM sodium phosphate, 5 mM sodium citrate, 5 mM sodium borate, 5 mM DTT, without or with 4 M urea at pH 7.0) in a 0.1-cm water-jacketed quartz cuvette. The urea was added to shift the unfolding transition to lower temperatures. Partial proteolysis of Ets-1 (29 -138) (2.75 g) in 20 mM citrate, 150 mM KCl, and 1 mM DTT was carried out by incubation with 200 ng of trypsin for 2 min at pH 6.0 and 22.5°C, as described previously (11) .
NMR Spectroscopy. NMR experiments were carried out at 30°C on a Varian Unity 500 NMR spectrometer equipped with a pulsed-field gradient accessory. Data were processed by using NMRPIPE (12) and PIPP (13) . Essentially complete 1 H, 13 C, and 15 N spectral assignments of Ets-1 were obtained from an extensive set of heteronuclear NMR spectra (14) . The diastereotopic methyl groups of valine and leucine were stereospecifically assigned by using biosynthetically directed 13 C labeling (15) . Resonances from the aromatic residues in Ets-1 were identified, and both histidines were shown to be in the neutral N 2 H tautomeric form at pH 6.5, as described elsewhere (16) . Assignment of the amide resonances in the unmodified and phosphorylated forms of L36P Ets-1 were obtained by using 15 N-total correlation spectroscopy (TOCSY)͞nuclear Overhauser effect spectroscopy (NOESY)-heteronuclear single quantum correlation (HSQC) experiments. 15 N T 1 , T 2 , and heteronuclear NOE relaxation data were recorded and analyzed as described by Farrow et al. (17) .
Structure
Determination. An ensemble of 28 Ets-1 (29 -138) structures was computed from 1,568 distance (877 intraresidue, 309 sequential, 175 medium range, and 207 long range), 34 hydrogen-bonding, and 167 dihedral angle (65 , 70 , and 32 1 ) restraints by using a simulated annealing protocol with X-PLOR version 3.8 (18) . Interproton distance restraints were derived from three-dimensional (3D) 15 N-NOESY-HSQC, 3D simultaneous , all recorded with mix ϭ 75 msec. Distances were calibrated as described previously (19) . Hydrogen bonds were included as distance restraints for those amides remaining protonated 45 min after transfer of the protein to D 2 O buffer. Phi dihedral angles were restrained based on 3 J HN-H␣ coupling constants measured with the HNHA and HMQC-J experiments (20) . Psi angles were restrained as described by Gagné et al. (21) . Chi 1 angles were restrained according to a staggered rotomer model using coupling patterns observed for stereospecifically assigned H ␤,␤Ј in Alignment of the sequences of PNT domains and preceding N-terminal regions from the ets family members murine Ets-1, Ets-2, GABP␣, and Fli-1, human Erg, Tel, and Ese, and Drosophila PNT-P2, Elg, and Yan. The positions of highly conserved amino acids are highlighted in black (seven or more members having BLOSUM62 substitution scores Ն1), and those of moderately conserved residues in gray (six or more members having BLOSUM62 substitution scores Ն0). The MAP kinase phosphorylation sites identified in Ets-1, Ets-2, and PNT-P2 are boxed. Based on a consensus MAP kinase substrate sequence P-X-T͞S-P, Tel also contains a potential phosphorylation site (underlined). Positions of tryptic cleavage in Ets-1 (29 -138) under conditions of partial proteolysis are denoted by . The five ␣-helices (cylinders) in the Ets-1 PNT domain were identified by NMR methods. The fractional solvent accessibilities of the side chains in a low-energy structure of Ets-1 (29 -138) are illustrated (one F ϭ 0-25%). Within this ensemble, 98.8% of residues have (, ) angles in the core or allowed regions of a Ramachandran plot, as determined by using PROCHECK-NMR (22) . All nonglycine residues in disallowed (, ) regions are located within the disordered termini of Ets-1 (29 -138) .
RESULTS
Biophysical Characterization of Ets-1 (29 -138) . Ets-1 (29 -138) is a 110-residue polypeptide, encoded by exons III and IV of the ets-1 gene (23), which includes both the PNT domain and MAP kinase substrate site. The C-terminal three-quarters of this fragment, which corresponds to the PNT domain (Ser-54 to Glu-135), shares 30-65% sequence identity with nine other ets family members (Fig. 1) . Ets-1 (29 -138) , which was expressed as a soluble protein in E. coli, folds into a stable conformation with significant helical content as evidenced by a CD spectrum with pronounced minima at 208 and 222 nm ([] 222 ϭ Ϫ7,600 deg cm 2 ⅐dmol Ϫ1 ), a well-dispersed NMR spectrum ( Fig. 2A) , and a reversible two-state unfolding transition with a midpoint temperature of Ϸ78°C at pH 7.0. Furthermore, Ets-1 (29 -138) is monomeric under a variety of experimental conditions as demonstrated by sedimentation equilibrium (MW app ϭ 11,400 Da; predicted ϭ 12553.5 Da), 15 N relaxation measurements, which revealed an overall rotational correlation time of 6.9 ns (Fig. 2C) , and size exclusion chromatography, in which the protein eluted as a single peak near a 17-kDa marker. Taken together, these results establish that residues 29-138 from Ets-1 include an independent structural module.
Structure Determination of Ets-1 (29 -138) . The structure of Ets-1 (29 -138) was determined by NMR spectroscopy (Fig. 3) . The Ets-1 PNT domain shows a novel architecture consisting of five ␣-helices. The C-terminal portion of this domain, which includes helices H2-H5, folds into a well-defined bundle with rms distributions about the mean coordinate positions of 0.39 Ϯ 0.06 Å for the backbone atoms and 0.85 Ϯ 0.06 Å for all heavy atoms of residues 63-133. Helices H3 and H4 are arranged head to tail, yet are clearly separated by a bend centered at Gly-109 such that H3 is approximately perpendicular to H2, H4, and H5. Helix H5 is antiparallel to H4, and H2 lies across H3, H4, and H5. Consistent with this tertiary fold, helices H2, H4, and H5 are amphipathic, whereas the short H3
FIG. 2. (A)
The PNT domain (Ser-54 to Glu-135) is an independently folded structural module as evidenced by well-dispersed peaks in the 1 H-15 N HSQC spectrum of Ets-1 (29 -138) . Residues N-terminal to this domain, including the MAP kinase substrate site, adopt a disordered conformation with 1 H N chemical shifts that cluster near 8.2 ppm. Aliased peaks are identified by ‫.ء‬ (B) Hydrogen-deuterium exchange studies identify amide protons that are protected from the solvent caused by hydrogen bonding and͞or burial within Ets-1 (29 -138) . F indicate residues with resolved 1 H-15 N HSQC cross peaks that have exchange rates Ͼ10 3 slower than expected for a random coil polypeptide. (C) NMR relaxation measurements provide information about the global tumbling and fast internal motions of Ets-1 (29 -138) . Analysis of the amide 15 N T1 and T2 lifetimes and heteronuclear 15 N NOE values according to the model-free formalism (17) yields an overall rotational correlation time of 6.9 nsec for the protein and squared order parameters (S 2 ) for each individual nonproline with a resolved cross peak. This correlation time is consistent with that expected for a monomeric protein of Ϸ12.5 kDa. Relatively uniform relaxation parameters, including NOEs Ͼ 0.5 and S 2 values Ͼ 0.7, indicate that the residues comprising the PNT domain are generally well ordered. In contrast, residues 31-34, 36-37, 43-45, and 47-49 at the N terminus and 135-138 at the C terminus of Ets-1 (29 -138) are motionally disordered on a nano-to picosecond time scale as evident by NOEs Ͻ 0.5. Mutation of Leu-36 to Pro and phosphorylation of Thr-38 does not significantly change the relaxation properties of Ets-1 (29 -138) (not shown). (D) Chemical shift perturbations indicate that the effects of the Leu-36 to Pro mutation and the subsequent phosphorylation of Thr-38 are localized to the MAP kinase substrate site in the disordered N-terminal region of Ets-1 (29 -138) . Shown are the absolute values of the changes in the amide 15 (Fig. 3C ). Conserved residues in the loop between H2 and H3 (Leu-90, Val-93, and Phe-98) also contribute to the hydrophobic core of Ets-1 (29 -138) . Ets-1 (29 -138) contains a fifth helix (H1) that, although well defined by chemical shift, NOE, and J-coupling data, does not appear intimately associated with the core helical bundle (Fig.  3) . The solvent exposure of helix H1 is consistent with its predominantly polar nature, its susceptibility to proteolysis at its C terminus (Arg-62) by trypsin, and its lack of protection against amide hydrogen exchange under the conditions examined (Figs. 1B and 2B ). The position of this helix with respect to the remainder of the molecule is not precisely established, being determined by a small number of medium-and longrange NOE-derived distance restraints involving Leu-63, Ile-65, Pro-66, Pro-69, and Trp-72 in the loop between H1 and H2. Nevertheless, the helix itself is well defined locally, with an rms deviation of 0.53 Ϯ 0.12 Å for the main chain atoms and 1.4 Ϯ 0.15 Å for the heavy atoms of residues 54-62. 15 N NMR relaxation measurements also indicate that the backbone of H1 is well ordered (Fig. 2C) . Furthermore, CD and NMR spectroscopic measurements demonstrate that this helix unfolds cooperatively with the remainder of Ets-1 (29 -138) (not shown). These results indicate that helix H1, although exposed to the solvent, is an integral structural component of the Ets-1 PNT domain.
Inspection of the Ets-1 PNT domain structure reveals several potential protein binding sites. Protein-protein association results from both hydrophobic and electrostatic͞hydrogen bonding interactions between interfaces composed of complementary nonpolar and charged͞polar residues. A common type of interactive surface contains a hydrophobic patch surrounded by polar groups (24) . One such surface in Ets-1 (29 -138) , formed by helices H4 and H5, displays a hydrophobic region, centered around Trp-126, that is encircled by six acidic side chains (Fig. 4A) . Similarly, the surface formed by helix H3 and the preceding loop from H2 contains several exposed hydrophobic residues that are surrounded by charged glutamates and lysines (Fig. 4B) .
The region of Ets-1 (29 -138) that precedes helix H1 is disordered. These amino acids display random coil amide 1 H N and 15 N chemical shifts (Fig. 2 A) and very high rms deviations within the ensemble of calculated structures (Fig. 3A) . Conformational mobility also is detected through 15 N relaxation   FIG. 3 . The tertiary structure of Ets-1 (29 -138) was determined by NMR methods. (A) Superimposition of the main chain atoms from 28 NMR-derived structures of Ets-1 (29 -138) aligned by using residues 63-133. The five ␣-helices in the PNT domain are colored (H1: residues 54-62; H2: 75-87; H3: 102-107; H4: 110-116; H5: 123-132), whereas the remainder of the main chain is shown in gray. The N and C termini of the molecule (residues 29-49 and 135-138) are disordered as evidenced by both high structural rms deviations and 15 N NMR relaxation data. (B) Ribbon diagram (37) of a representative low-energy structure calculated for Ets-1 (29 -138) . Only a single conformation is shown for the flexible N and C termini. (C) A low-energy structure of residues 26-132 of Ets-1 (29 -138) showing the positions of the side chains that are highly conserved (Fig. 1B) among the PNT domains of 10 ets proteins (green ϭ hydrophobic, red ϭ acidic, blue ϭ basic, dark gray ϭ polar).
FIG. 4. Views of the van der
Waals surface of the Ets-1 PNT domain (residues 54-135), illustrating potential protein-protein association interfaces centered on (A) helices H4 and H5, and (B) the loop connecting helices H2 and H3. The side chains are colored as green ϭ hydrophobic, red ϭ acidic, blue ϭ basic, and gray ϭ polar (and main chain). measurements (Fig. 2C) . Consistent with these NMR results, the region is readily susceptible to tryptic cleavage, specifically at Lys-42 and Lys-50 (Fig. 1B) . Furthermore, deletion of these residues to produce Ets-1 (51-138) does not perturb the 1   H   N   and   15 N chemical shifts of the remaining amides that form helices H1-H5. Similar NMR measurements reveal that the first 28 residues of Ets-1 also are disordered (not shown). Together, these results demonstrate that the N-terminal Ϸ50 residues of Ets-1 are highly flexible in solution and structurally independent of the PNT domain, at least in the context of Ets-1 and Ets-1 (29 -138) . The observation that this sequence is sensitive to trypsin cleavage in experiments performed on full-length Ets-1 (11) suggests that these residues also are disordered in the native protein.
Phosphorylation of Ets-1 (29 -138) . The function of Ets-1 in transcription assays is enhanced by ras-dependent signaling that requires a single MAP kinase substrate site, 36 Leu-LeuThr-Pro 39 (25) (26) (27) . This site is located within the flexible, solvent-exposed N-terminal region of Ets-1 (29 -138) (Figs. 1 and  3 ). To provide a foundation for investigating the possible mechanisms by which phosphorylation regulates the function of ets proteins, we characterized the effects of this posttranslational modification on the structural and dynamic properties of Ets-1 (29 -138) .
Ets-1 (29 -138) was phosphorylated by using activated sea star p44 MAP kinase. To increase the efficiency of this enzymatic reaction, Leu-36 was replaced with a proline in Ets-1 (29 -138) . This substitution generated an optimized MAP kinase substrate sequence ( 36 Pro-Leu-Thr-Pro 39 ) (10, 28) , which matched the site in Drosophila PNT-P2 (29) , and led to the enhanced phosphorylation of Thr-38. The posttranslational modification was verified by mass spectroscopy, which showed the expected increase of 80 Da, and by 31 P-NMR measurements. Mutation of Thr-38 to Ala completely prevented phosphorylation of Ets-1 (29 -138) , confirming that Thr-38 is the only MAP kinase target (not shown).
The structural and dynamic properties of the unmodified and phosphorylated forms of L36P Ets-1 (29 -138) were compared with wild-type Ets-1 (29 -138) by three approaches. First, thermal denaturation experiments demonstrated that the midpoint unfolding temperatures of the proteins were essentially identical (Ϸ57°C in 4 M urea at pH 7.0). Therefore, the modifications did not alter the stability of the Ets-1 fragment. Second, 15 N relaxation studies revealed that the N-terminal regions of each protein, which includes the MAP kinase substrate site, remained motionally disordered (not shown). In addition, the rotational correlation times of Ets-1 (29 -138) , derived from these relaxation measurements, did not change significantly upon mutation or phosphorylation. These dynamic measurements demonstrate that the modified proteins remained monomeric. Finally, for the highest resolution and most sensitive monitor of structural changes, the 1 H-15 N HSQC spectra of three Ets-1 (29 -138) variants were compared. As shown in Fig. 2D , the chemical shift perturbations caused by the modifications were highly localized to the amino acids immediately adjacent to Leu-36 and Thr-38. Thus, within the context of Ets-1 (29 -138) , phosphorylation of Thr-38 does not significantly perturb the disordered character of the MAP kinase substrate site or its adjacent amino acids, nor alter the structure or oligomerization state of the PNT domain.
DISCUSSION
The Ets-1 PNT domain adopts a globular shape comprised of five ␣-helices, establishing that this region of conserved sequence is an autonomous structural domain. This fold is distinct from that of any known DNA-binding or proteinassociation module, as judged by the structural database comparison programs DALI (30) and VAST (31) . The PNT domain frequently has been called the helix-loop-helix (HLH) region (3) (4) (5) (6) (7) . This designation initially was proposed based on a secondary structure prediction that suggested an apparent resemblance to the dimerization domain found in the basic HLH transcription factors (32) . Clearly, the structure of the Ets-1 PNT domain is not similar to that of the HLH motif. We therefore suggest strongly that this ets protein module be designated as the PNT (or Pointed) domain (2) .
The PNT domain is proposed to mediate protein-protein interactions between members of the ets family of transcription factors. This hypothesis initially arose from studies indicating that the TEL PNT domain causes the self-association and constitutive activation of oncogenic fusion proteins formed by chromosomal translocations involving the tel locus with fragments of genes encoding the PDGF␤ receptor, cABL, or JAK2 tyrosine kinases (3-6, 8, 9) . Studies using qualitative techniques (i.e., two-hybrid screens and ''glutathione Stransferase-pull down'' and coimmunoprecipitation assays) have revealed homotypic as well as heterotypic interactions between some, but not all, ets family members. For example, fragments of TEL, including those corresponding to only helices H2-H5 of its PNT domain, self-associate; in contrast, the PNT domains of Ets-1, Erg, and GABP␣ do not (33, 34) . In addition, segments of TEL and Fli-1, containing the PNT domains from each of these proteins, bind one another (34), whereas PNT domain-containing fragments of Ets-2 associate with a second ets protein, ERG (35) .
Our biophysical studies demonstrate that Ets-1 (29 -138) , both phosphorylated and unphosphorylated, is a monomer. Likewise, sedimentation equilibrium studies demonstrate that unphosphorylated full-length Ets-1 is monomeric in solution (J.J.S. and L. Joss, unpublished work). These results argue that the PNT domain from Ets-1 may bind to a heterotypic PNT domain(s) or may function through intra-or intermolecular interactions to unrelated protein-association modules. The structure of Ets-1 (29 -138) provides important clues for ongoing studies aimed at defining the potential targets for the PNT domains of ets family members.
Distinct patterns of protein-protein interactions involving specific ets transcription factors could arise from sequence variability among the PNT domains. As would be expected for a structural fold, the most highly conserved positions lie within the hydrophobic core (Figs. 1B and 3C ). On the other hand, the most variable positions map to the surface of the domain, particularly on helices H1, H3, and H4 and in the extended loop linking H2 and H3, and to the disordered region including the MAP kinase phosphorylation site. The hydrophobic and charged groups forming the postulated association surfaces of Ets-1 (Fig. 4) are not strictly conserved among PNT domains, thus providing the potential for specific interactions with target proteins. Other possible sources of variation include a four-residue insertion between the predicted positions of helices H1 and H2 in the PNT domains from TEL and Yan (Fig. 1B) . These inserted amino acids may alter or disrupt the packing of the exposed helix H1 against the core helical bundle or provide additional interprotein contacts. Finally, because of the low sequence conservation within the region corresponding to H1 in the Ets-1 fragment, it is plausible that this helix is not present in all ets PNT domains. The flexibility or absence of helix H1 could produce an additional hydrophobic interaction surface by exposing several conserved aromatic side chains corresponding to Trp-72, Trp-80, and Trp-83 in Ets-1 (Fig. 3C) .
Phosphorylation of sequences adjacent to the PNT domain provides another potential source for specificity and regulation. Although phosphorylation enhances the transactivation function of Ets-1, Ets-2 and PNT-P2, the precise mechanism by which this occurs is unknown (25) (26) (27) 29) . Our analysis of Ets-1 (29 -138) indicates that the MAP kinase substrate site lies within a flexible segment of this Ets-1 fragment (as well as that of Ets-1 (1-138) ), and that phosphorylation of Thr-38 does not change its structural or dynamic properties. These results imply that binding of this site by potential partner transcription factors, perhaps in conjunction with the PNT domain, is coupled to the ordering of these residues. This type of a regulated folding event is exemplified by the phosphorylationdependent association of the KIX domain of the cAMPregulated transcription factor CREB with its coactivator CREB binding protein (CBP). The KIX domain undergoes a random coil-to-helix transition that is induced by CBP binding, and not by phosphorylation alone (36) .
In conclusion, the description of the Ets-1 PNT domain and its adjacent MAP kinase substrate site establishes this region of conserved sequence as a structural module, that in the case of Ets-1, is not affected by phosphorylation. The PNT domain, which is clearly unrelated to the helix-loop-helix motif, constitutes one of the few non-DNA binding domains of transcription factors whose structure has been characterized. The conserved and variable features of the PNT domain could accommodate either self-association or heterotypic interactions of specific ets family members.
